General Methods
Commercial reagents were used as received without further purification. Dichloromethane and tetrahydrofurane were purified and dried using PureSolv MD 5 Solvent Purification System. Routine and characterisation NMR spectra were recorded on Bruker 400 MHz Avance III HD Smart Probe, 400 MHz Smart Probe, and 400 MHz Avance III HD Spectrometers at 298 K and using Wilmard 5 mm Thin Wall Precision NMR sample tubes. Characterisation spectra for ADAD were recorded by the NMR Service at the Department of Chemistry on 500 MHz DCH Cryoprobe and 400 MHz Neo Prodigy Spectrometers. 1 Probe Spectrometer by adding aliquotes of a concentrated solution into pure solvent. Upon each addition, the solution was manually shaken before acquiring the spectrum, which was sufficient time for equilibration to be reached. Variable temperature NMR experiments were performed on 500 MHz AVIII HD Smart Probe Spectrometer. DOSY experiments were performed on Bruker 400 MHz Avance III HD Smart Probe
Spectrometer. The standard Bruker pulse program, ledbpgp2s, employing a stimulated echo and longitudinal eddy-current delay (LED) using bipolar gradient pulses for diffusion using 2 spoil gradients of 600 μs was utilized. Rectangular gradients were used with a total duration of 3 ms. Gradient recovery delays were 200 μs. Diffusion times were 160 μs. Individual rows of the quasi-2D diffusion databases were phased and baseline corrected. DOSY data analyses were performed using Bruker Dynamics Centre software, using area integrals of manually selected peaks. Chemical shifts for 1 H, 13 C, 19 F, and 31 P are reported in ppm on the δ scale; 1 H and 13 C were referenced to the residual solvent peak; 19 F and 31 P were unreferenced. Coupling constants (J) are reported in hertz (Hz). The following abbreviations are used to describe signal multiplicity G   0  10  20  30  40  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190 
Synthesis of 7
Nitrogen gas was bubbled for 15 min through a suspension of 3 (120 mg, 0.1 mmol) and palladium on carbon (11 mg, 10 wt% loading, 0.01 mmol) in absolute ethanol (10 ml). Hydrogen gas was then purged for 15 min through the suspension, which was subsequently left stirring under hydrogen atmosphere overnight. In parallel, a solution of compound 3 (120 mg, 0.1 mmol) in anhydrous tetrahydrofuran (5 ml) with acetic acid (52 µl, 0.9 mmol) and n-tetrabutylammonium acetate (170 µl, 1 m in THF, 0.17 mmol) was stirred under nitrogen atmosphere overnight. Upon completion, the reaction mixture was diluted with water (10 ml) and extracted with ethyl acetate (3 × 10 ml). The combined organic extracts were washed with brine (10 ml), dried with anhydrous magnesium sulfate, filtered and concentrated under vacuum. A portion of intermediate 6 (35 mg, 0.02 mmol) and ammonium acetate (38.5 mg, 0.5 mmol) were dissolved in a mixture of methanol (1 ml) and water (0.25 ml). The reaction mixture was stirred under nitrogen atmosphere overnight. After completion, the mixture was partitioned between water (20 ml) and ethyl acetate (10 ml). The layers were separated and the aqueous layer was subsequently washed with ethyl acetate (3 × 10 ml). The combined organic extracts were washed with brine (10 ml). AB2   CB4  AB4  DB4  BB4  DR8  BR8  AR1  DR1  BR1  CR1   AR2  CR2  BR2  DR2  BR7  DR7  DR9  BR9   AR4   CR4  DR6  BR6  CF   3   DR3  BR3  TBDPS   Bn  Bn  Bn  BR4  DR4  TBDPS  DR10  BR10  DR5  BR5  AR3  CR3  TBDPS 
Three-State Melting Equilibrium
We assumed that the melting of the ADAD dimer proceeds through a highly populated intermediate I, giving a three-state equilibrium:
The chemical shifts of the fully bound and fully denatured strands were found to be consistent across all species when no constraints were imposed on the model (see Figure Fig. S12 (a) ). In order to reduce the number of model parameters, we fixed the values of the limiting complexation-induced chemical shifts in ADAD to be equal to those of AD. The resulting best-fit isochores are shown in Figure Fig. S12 (b) and the thermodynamic fitting parameters are shown in Table S1 . Melting temperatures for the two processes agree with the trends observed in the data. The enthalpy of melting for the intermolecular process ΔH 1 was found to be comparable with the value for the dissociation of AD, while the observed enthalpy of unfolding ΔH 2
was unexpectedly large for breaking of one hydrogen bond. 
Dimerisation Isotherm Derivation and Implementation
Equilibrium constant K M·M the dimerisation of a self-complementary monomer M to form M·M is: 
Hence, the equilibrium constant K M·M can alternatively expressed as:
which can be easily rearranged to give a quadratic in [M·M]:
Equation 7 has only one physically meaningful root:
which gives the molar fraction of the dimer χ M·M as:
In the fast-exchange regime of NMR spectroscopy, the observed chemical shift δ obs is a weighted average of the signals arising from all species present in solution: 
the molar fractions for each species at a given temperature T are:
where [M] 0 is the total concentration of M in all forms. The equilibrium constant for the melting reaction at temperature T can be written in terms of the molar fraction of the dimer as:
Differentiating the reaction isotherm equation (ΔG = −RT ln K) with respect to T −1 , under the assumption that ΔH and ΔS are independent of temperature, yields the van't Hoff equation:
Integrating Equation (15) between a range of temperatures T 1 and T 2 gives:
At the melting temperature T m , half of M exists as M·M and hence χ M·M (T m ) = χ M (T m ) = 0.5:
which provides the dimerisation melting isochore:
The observed chemical shift δ obs is a weighted average for all species in fast exchange:
which can be combined with Equation (13) to yield:
Following standard dimerisation argument (see Subsection 4), χ M·M (T) can be expressed as: 
As before, the observed chemical shift δ obs is a weighted average for all species in fast exchange:
which can be combined with Equations (30) and (31) to yield: 
Molecular Modelling
Molecular mechanics calculations were performed in Schrödinger Suite 2016-4 using MacroModel software. 6 Simplified structures were used, in which the end-capping protecting groups groups and the iso-butyl chains on the phosphine oxides were changed to methyl groups in order to reduce the computational cost. All structures were minimised first and the minimised structures were then used as the starting molecular structures for all MacroModel conformational searches. Two independent searches were performed, using MMFFs and OPLS3 as force fields with implicit solvation in chloroform, as implemented in the software. 7 The charges were defined by the force field library and no cut-off was used for non-covalent interaction. For the ADAD dimers, two hydrogen bonds between the inner residues were constrained and the outer residues were initially constrained as duplex or kissing stem-loops, with distance defined as (1.7 ± 0.5) Å and force constant of 100.
No constraints were used for monomeric the ADAD. Mixed torsional/Large-Scale Low-Mode Sampling was used with Enhanced torsion sampling options, so as to include ester C-O bonds, and 100 steps per rotatable bond. Maximum of 10,000 iterations were performed per sample with redundant conformers eliminated using root mean square deviation (RMSD) of 2 Å. The minima converged on a Polak-Ribiere Conjugate Gradient (PRCG) with a threshold of 1.0.
The resulting lowest energy structures were used as the starting points for a further conformational search with only the two hydrogen bonds between the two inner residues in dimeric ADAD constrained. The hydrogen bond constraints for the outer residues were removed in the further conformational searches. The second search was only performed using OPLS3 force field. Above sampling parameters were changed to a maximum of 20,000 iterations and the structure redundancy criterion was reduced to 1 Å RMSD. Mixed torsional/Large-Scale Low-Mode Sampling was still used with Enhanced torsion sampling options and 100 steps per rotatable bond, and the minima converged on PRCG with a threshold of 1.0. The lowest energy conformation was further minimised with OPLS3 force field and PRCG with a threshold of 0.01.
